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Abstract
Introduction. European countries are characterized by low mortality during the infancy period compared to other areas 
of the world. However, there are significant disparities in the state of infant health which are related to socio-economic 
conditions and place of residence.  
Objective. Analysis of mortality in Poland from foetal and maternal causes (length of gestation, birth weight, maternal 
age) in the neonatal and post-neonatal period depending on place of residence (rural and urban areas) in 2004–2013.  
Materials and method. Data on mortality during the neonatal and infancy period in 2004–2013 was obtained from the 
Central Statistical Office. Diagnosed cases of deaths in rural and urban areas were analyzed, taking into account the causes 
of death according to ICD-10, the duration of pregnancy in weeks, birth weight, and maternal age. Trend analysis and 
comparison of mortality between rural and urban areas were performed using the Poisson regression model.  
Results. In rural areas, neonatal and post-neonatal death rates due to congenital malformations were siginificantly higher 
than in urban areas. The mortality rate was also higher in rural areas in children born to women aged 20–34 years, and 
children born after 37 weeks gestation with low birth weight. In the cities, higher post-neonatal mortality was due to 
respiratory diseases, and in children born after 37 weeks gestation to mothers under the age of 20 years. A decrease in the 
mortality of newborns and infants was observed, but in rural areas neonatal mortality decreased significantly more slowly. 
Conclusions. The results indicate the need to intensify programmes aimed at improving access to prenatal and maternity 
care, especially among women in rural areas.
Key words
neonatal period, post-neonatal period, congenital malformations, rural area, urban area, mortality trends
Abbreviations
EU-15 – countries prior to the expansion in May 2004 (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland 
(Eire), Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the United Kingdom); IMR – infant mortality rate; NMR 
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INTRODUCTION
Mortality of the baby in the neonatal and post-neonatal period 
is an important indicator of the health of the population, and 
also a useful measure of social and economic development 
and the quality of care for mother and child [1, 2]. In Europe 
since the 70s, there has been an 80% reduction in infant 
mortality rates and the current level of mortality is the lowest 
in the world [3]. Despite this, there are significant differences 
in infant mortality rates between countries, ranging from 
1.33/1,000 live births (l.b.) in Luxemburg to 9.01/1,000 l.b. 
in Romania. A less favourable situation is observed in 
countries with lower economic levels which joined the 
European Union (EU) after 2003. In these countries the 
rate averages 5.43  deaths/1,000  l.b. and this is about 57% 
higher than that for the EU-15 (3.46/1,000 l.b.) [4, 5]. Poland, 
like most countries in the EU, is characterized by a decline 
in infant mortality [5, 6], and in the period 2004–2013, the 
coefficient was reduced from 6.80/1,000 to 4.55/1,000  l.b. 
However, according to the World Health Organization, infant 
mortality in Poland in 2012 was 17% higher compared to 
the average level of the EU [4]. The geographical disparities 
in the health status of infants are tending to deepen [5] and 
may be associated with social, economic and environmental 
factors, health behaviours of pregnant women and access to 
medical care [1, 7, 8, 9]. One of the factors affecting infant 
mortality may be living in a rural and urban population. 
Disparities in socio-economic status between rural and 
urban areas may affect infant health. Moreover, these areas 
are characterized by dissimilarity in terms of availability of 
prenatal and obstetric care, education and health behaviour 
or quality of the environment [10, 11, 12, 13].
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In Poland, dynamic socio-economic and environmental 
changes have been observed for more than 20 years, with the 
greatest intensity occurring in rural areas. These changes, 
similar to those in Western European countries, are based 
on shrinking of the agricultural sector of the economy and 
a concomitant expansion of the commercial and service 
sectors. A significant impetus for these changes was generated 
by accession to the EU in 2004, which resulted in an 
improvement in the technical infrastructure and an increase 
in the provision of social services. At the same time, there 
was an improvementin the educational and income levels 
among the populations of the rural areas with a simultaneous 
decrease in air pollution [14, 10].
Socio-economic changes in Poland entailed demographic 
changes manifested by a decrease in population growth, the 
shifting age of women giving birth in later years, a decline in 
births by teens, and a decrease in the number of marriages[15]. 
Since 2000, a reversal of the direction of migration has been 
observed, as reflected by a positive migration balance to 
rural areas surrounding urban metropolises. On the other 
hand, in peripheral rural areas, there is the phenomenon of 
an outflow of population with a higher level of education, 
which has resulted in stagnation and the risk of poverty. The 
simultaneous occurrence of these two opposing tendencies, 
in turn, leads to a polarization of the socio-economic 
development of the villages [14, 16]. Access to EU funds has 
also brought an improvement of conditions in the health 
care infrastructure: however, the majority of health care is 
still provided in urban centres [10].
Standards of medical procedure in the field of perinatal care 
for women and newborns have been updated or introduced 
[17]. The problem is the limited access to obstetrics and 
gynaecology services, shortage of staff and old generation 
equipment. Moreover, there are difficulties in transferring 
pregnant women and newborns to hospitals of higher 
reference degrees, mainly due to the periodic lack of places 
in neonatal intensive care units [18, 19]. These factors may 
affect regional differences in infant mortality rates between 
rural and urban areas.
Conducting studies on health inequalities in the population 
under one year of age is particularly important in countries 
with weaker socio-economic conditions, including Poland, 
where the disparities between rural and urban areas are 
poorly known.
OBJECTIVES
The aim of the study was to analyze mortality due to foetal 
and maternal causes (length of gestation, birth weight, 
maternal age) in the neonatal and post-neonatal period, 
depending on the place of residence (rural and urban areas) 
in 2004–2013 in Poland.
MATERIALS AND METHOD
The analysis was based on information on mortality in the 
neonatal period and post-neonatal period due to foetal and 
maternal conditions in the Polish population in 2004–2013. 
Information for the analysis was obtained from the Central 
Statistical Office. The study included diagnosed cases of 
deaths in rural and urban areas, taking into account the 
causes of neonatal deaths (aged 0–27 days) and post-neonatal 
deaths (28–365 days) in accordance with ICD-10 [20]. The 
following diseases were analyzed: infectious and parasitic 
diseases (A00-B99), respiratory system diseases (J00-J99), 
perinatal conditions (P00-P96), congenital malformations 
(Q00-Q99), Sudden Infant Death Syndrome – SIDS (R95) and 
external causes (V01-Y89). Also analyzed were the diagnosed 
cases of death in children during neonatal and post-natal 
periods (aged 0–365 days) by duration of pregnancy in weeks 
(<37 weeks, ≥37 weeks), birth weight in grams (<2,500 g, 
≥2,500 g) and maternal age (<20 years, 20–34 years, 35–39 
years, ≥40 years).
Mortality under one year of age per 1,000  l.b. was also 
analyzed in both rural and urban areas, divided into neonatal 
mortality rate (NMR), post-neonatal mortality rate (PNMR) 
and infant mortality rate in total (IMR).
The existence of disparities in mortality in the population 
under one year of age was rated depending on where the 
children lived, and conditions which caused deaths due 
to diseases of the neonatal and post-neonatal periods, 
gestational age, birth weight, maternal age (in 2004–2013). 
The comparisons were made using the non-parametric 
Wilcoxon test for dependent samples.
To describe trends in mortality in children under one year 
of age, Generalized Linear Models were used. The presented 
study used mortality rates resulting from the above factors as 
dependent variables; therefore, regression models presented 
in this paper are Poisson models that include the offset 
variable that allow the size of the exposed populations to 
be taken into account. The offset variable was defined as 
the logarithm of the number of live births in a given period 
in women in total and grouped, according to maternal age, 
gestational age and birth weight. The models were used to 
estimate the effect of place of residence and the effect of 
time (described in the form of a calendar year), as well as 
the effect of their interaction, which enabled the assessment 
of trends in mortality separately for rural and urban areas 
(assessment of whether the slope as a function of time differs 
significantly from a constant function), and to compare 
them for parallelism. Results are presented as average annual 
percent change (AAPC) of mortality per 1,000 live births, 
including 95% confidence intervals.
Statistical analyses were performed using IBM® SPSS® 
Statistics for Windows, Version 20.0 (IBM Corp. Armonk, 
NY, USA). All statistical hypotheses were verified at a 
significance level of 0.05.
RESULTS
In 2004–2013 in Poland, 21,355 infant deaths were recorded. 
In the analyzed period, the average infant mortality rate was 
higher in urban areas (58.3%, i.e. 12,454 deaths) than in rural 
areas (41.7%, i.e. 8,901 deaths). Both in urban areas and in 
rural areas neonatal deaths were more frequently observed 
(70.8% and 70.7%, respectively) than post-neonatal ones 
(29.2% and 29.3%, respectively). The first cause of neonatal 
mortality were perinatal conditions (mainly due to a preterm 
birth, intrauterine asphyxia and infections of the perinatal 
period), which in urban areas were more frequent (66.4%) 
compared to rural areas (62.6%). Congenital malformations, 
the second leading cause of neonatal deaths, occurred more 
often in rural areas (32.6%) than in urban areas (28.8%). The 
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third reason was SIDS (1.0% in the cities, in rural areas 0.9%). 
In the post-neonatal period, the main causes of death were 
congenital malformations (rural areas 44.2% and in urban 
areas 37.7%), perinatal conditions (urban areas 23.3%, rural 
areas 21.2%) and respiratory diseases (urban areas 8.7%, 
rural areas 6.9%). The great majority of deaths occurred in 
babies born before 37 weeks gestation with low birth weight 
(less than 2,500  g); the proportions of these deaths were 
similar in rural and urban areas (91.8% and 91.7%). Among 
children born after 37 weeks gestation with low body weight, 
a slightly higher percentage occurred in rural areas (23.2%) 
than in urban areas (21.4%).The largest number of deaths 
was observed among children of mothers in the age group 
20–34 years, both in the case of births before 37 weeks (rural 
areas 74.3%, 72.4% in urban areas) and births after 37 weeks 
of pregnancy (75.3% in rural areas, 73.0% in urban areas).
Total IMR in urban areas in 2004 was 7.14/1,000 l.b.; in 
2013, this dropped by nearly half to 4.34/1,000 l.b. In rural 
areas in 2004, the rate was slightly lower than in the urban 
areas, 6.35/1,000 l.b., and this value dropped to 4.85/1,000 l.b. 
in 2013. It should be emphasized that the level of total IMR 
at the beginning of the period was higher in urban areas, 
and since 2010 the situation has been reversed and total IMR 
in rural areas has been higher than the rate in urban areas.
In the period 2004–2013, the median value of total IMR 
did not differ significantly between rural and urban areas 
(5.63/1,000 l.b. vs. 5.57/1,000 l.b.). A statistically significant 
downward trend in mortality in urban areas (5.22%/ year, 
95% CI: 4.72, 5.71) and rural areas (3.57%/ year, 95% CI: 2.85, 
4.29) was observed. At the same time, the rate of decline in 
infant mortality was significantly faster in urban areas than 
in rural areas (p<0.001) (Fig. 1A).
NMR due to congenital malformations was significantly 
higher in rural areas than in urban areas (median: 
1.20/1,000 l.b. vs. 1.06/1,000 l.b.) and showed a statistically 
significant decreasing trend (rural areas 3.65%/year, urban 
areas 5.44%/year). Also, in rural areas NMR mortality rates 
due to external causes were significantly higher than in 
urban areas (median: 0.03/1,000  l.b. vs. 0.02/1,000  l.b.), 
but there was no significant decrease in rates (Tab. 1). All-
cause NMR showed a decreasing trend, significantly higher 
(p<0.001) in urban areas (5.63%/year) compared to rural 
areas (3.64%/year) (Fig. 1B). There was also a significant 
difference (p=0.015) in the NMR downward trend due to 
perinatal conditions between urban (5.46%/year) and rural 
areas (3.40%/year) (Fig. 1C).
As in the case of NMR, there was a significant difference 
in PNMR median values between the rural areas 
(0.70/1,000  l.b.) and urban areas (0.62/1,000  l.b.) in terms 
of congenital malformations. A statistically significant 
difference in PNMR trends was observed due to congenital 
malformations (p=0.031) between rural and urban areas: 
in urban areas mortality from these causes significantly 
decreased (2.39%/year, p=0.002), while in rural areas the 
change in mortality was statistically negligible (Tab. 2, 
Fig.  1D). In urban areas, there were significantly higher 
PNMR levels than in rural areas due to respiratory diseases 
(median: 0.14/1,000  l.b. vs. 0.11/1,000  l.b.), and the rates 
showed no significant downward trends. It was found, 
however, that both in urban areas and in rural areas there 
were significant decreasing trends in relation to PNMR: all-
cause (4.58%/year and 3.36%/year, respectively), perinatal 
conditions (6.35%/year and 4.38%/year) and infectious and 
Table 1. Neonatal mortality rates by cause and place of residence, and 
trends ratios in the years 2004–2013 with model-based estimations
Causes of death
Rural areas Urban areas
p *
Median in 2004–2013
All-causes of NMR 3.93 3.99 0.878
Perinatal conditions 2.50 2.68 0.139
Congenital malformations 1.20 1.06 0.007
SIDS 0.03 0.04 0.509
Infectious and parasitic diseases 0.03 0.05 0.281
External causes 0.03 0.02 0.047
Respiratory system 0.02 0.02 0.546
AAPC (95% CI) p ***
All-causes of NMR
–3.64%**
(–4.33, –2.94)
–5.63%**
(–6.48, –4.76)
0.000
Perinatal conditions
–3.40%**
(–4.50, –2.28)
–5.46%**
(–6.69, –4.22)
0.015
Congenital malformations
–3.65%**
(–5.24, –2.04)
–5.44%**
(–6.57, –4.30)
0.073
SIDS
–4.78%
(–10.30, 1.07)
0.28%
(–2.13, 2.75)
0.115
Infectious and parasitic diseases
–10.13%
(–18.73, 0.73)
–9.59%
(–18.61, 0.43)
0.936
External causes
–1.98%
(–6.24, 2.47)
–7.13%
(–13.82, 0.08)
0.224
Respiratory system
–3.28%
(–9.47, 3.33)
–2.01%
(–4.59, 0.64)
0.720
Rate per 1,000 live births: AAPC – average annual percentage change; CI – confidence
interval; * – Wilcoxon matched pairs test; ** – Statistically significant trend at p < 0.05;
*** – Wald test for the significance of differences trends
Table 2. Post-neonatal mortality rates by cause and place of residence, 
and trends ratios in 2004–2013 with model-based estimations
Causes of death
Rural areas Urban areas
p *
Median in 2004–2013
All-causes of PNMR 1.59 1.57 0.959
Congenital malformations 0.70 0.62 0.009
Perinatal conditions 0.37 0.35 0.114
Respiratory system 0.11 0.14 0.031
SIDS 0.10 0.12 0.141
External causes 0.07 0.08 0.259
Infectious and parasitic diseases 0.07 0.07 0.858
AAPC (95% CI) p ***
All-causes of PNMR
–3.36%**
(–4.62, –2.08)
–4.58%**
(–5.91, –3.22)
0.196
Congenital malformations
0.17%
(–1.63, 2.00)
–2.39%**
(–3.86, –0.90)
0.031
Perinatal conditions
–4.38%**
(–6.56, –2.15)
–6.35%**
(–8.04, –4.63)
0.164
Respiratory system
–3.28%
(–9.47, 3.33)
–2.01%
(–4.59, 0.64)
0.720
SIDS
–6.63%**
(–10.15, -2.29)
–2.04%
(–6.86, 3.04)
0.137
External causes
–8.39%**
(–12.47, –4.11)
–3.85%
(–8.13, 0.63)
0.141
Infectious and parasitic diseases
–16.13%**
(–21.21, –10.73)
–10.97%**
(–15.49, –6.00)
0.146
Rate per 1,000 live births: AAPC – average annual percentage change; CI – confidence
interval; * – Wilcoxon matched pairs test; ** – Statistically significant trend at p < 0.05;
*** – Wald test for the significance of differences trends.
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parasitic diseases (10.97%/year and 16.13%/year). A significant 
downward trend in PNMR also appeared in rural areas in 
the case of external causes (8.39%/year) and SIDS (6.63%/
year) (Tab. 2).
Considering birth weight, significantly higher levels of 
total IMR for those born with low birth weight (less than 
2,500 g) after 37 weeks of pregnancy were recorded in rural 
areas (21.84/1,000 l.b.) than in urban areas (17.28/1,000 l.b.). 
Among children under one year of age born before 37 weeks 
of pregnancy, significant changes in mortality were observed 
(Tab. 3). The mortality rate of children born before 37 weeks 
of pregnancy with low birth weight (less than 2,500 g) showed 
p – Wald test for diffrences in trends
Figure 1. Trends of infant mortality rates (per 1,000 live births) by place of residence in Poland, 2004–2013 with model-based estimations.
(a) Total infant mortality
(b) Neonatal mortality from all-causes
(c) Neonatal mortality due to perinatal conditions
(d) Post-neonatal mortality due to congenital malformations
(e) Total infant mortality of children born before 37 weeks of pregnancy with a birth weight less than 2,500 g
(f) Total infant mortality of children born before 37 weeks of pregnancy with a birth weight more than 2,500 g
(g) Total infant mortality of children born before 37 weeks of pregnancy in mothers below 20 years old
(h) Total infant mortality of children born before 37 weeks of pregnancy in mothers aged 35–39 years old
288
Annals of Agricultural and Environmental Medicine 2016, Vol 23, No 2
Agnieszka Genowska, Magdalenia Zalewska, Jacek Jamiołkowski, Urszula Stepaniak, Andrzej Szpak, Elżbieta Maciorkowska, Jarosław Pinkas. Inequalities in mortality…
a decreasing trend, significantly higher (p=0.001) in urban 
areas (6.43%/year), compared to rural areas (3.48%/year) (Fig. 
1E). Downward trends in the mortality rate of babies born 
before 37 weeks weighing more than 2,500 g were significantly 
different (p=0.023) between urban areas (10.32%/year) and 
rural areas (6.48%/year) (Fig.1F). Among children under one 
year of age born after 37 weeks of pregnancy weighing more 
than 2,500 g, a significant reduction in mortality was noted 
in urban areas (3.26%/year) and rural areas (2.91%/year).
The mortality rate for children born prematurely, i.e. aged 
less than 37 weeks of pregnancy to mothers aged 20–34, 
was significantly higher in rural areas than in urban areas 
(median: 50.71/1,000  l.b. vs. 48.47/1,000  l.b.). In the other 
age groups, there was no significant difference in the level 
of mortality. Among the mothers in the age group below 20 
years of age and over 40 years of age, mortality significantly 
decreased in urban areas (4.90%/year and 5.39%/year); in 
rural areas the trend was negligible. Both in urban areas and 
in rural areas the trends in mortality significantly decreased 
in mothers in the age group 20–34 years (4.76%/year and 
3.62%/year, respectively), and in the age group 35–39 years 
(6.42%/year and 1.93%.year, respectively). There were 
significant differences between urban areas and rural areas in 
the mortality trends in children born prematurely to juvenile 
mothers in the age group below 20 years of age (p=0.010) and 
in the age group 35–39 years (p=0.004) (Tab. 4, Fig. 1 and 1 H).
The mortality rate for children born after 37 weeks of 
pregnancy to adolescent mothers was significantly higher in 
urban areas than in rural areas (median: 3.03/1,000 l.b. vs. 
2.28/1,000 l.b.). However, among mothers aged 20–34 years, a 
higher mortality of children under one year of age was found 
in rural areas compared to urban areas (median: 1.90/1,000 l.b. 
vs. 1.71/1,000  l.b.). For mothers aged over 35, there was no 
difference between urban areas and rural areas in the mortality 
of children under one year of age. Statistically significant 
decreasing trends were found among mothers aged 35–39 years 
in urban areas (4.82%/year) and rural areas (3.60%/year), and 
in urban areas in the age group 20–34 (1.97%/year) and the 
age group over 40 years old (5.73%/year) (Tab. 4).
DISCUSSION
The presented study demonstrated that there are inequalities 
between rural and urban areas in terms of giving birth, 
as manifested by higher mortality for rural children with 
congenital malformations, who were born during the neo- 
and post-neonatal period by women aged 20–34, as well 
as children with low birth weight born after the 37th week 
of pregnancy. However, in the cities, increased mortality 
due to respiratory diseases was observed in the post-
neonatal period, as well as among children who were born 
to adolescent mothers after the 37th week of pregnancy. Based 
on the obtained results, it can be assumed that the higher 
mortality observed in rural areas results from the occurrence 
of specific factors distinguishing the rural population from 
the urban population. Worse birth outcomes in rural areas are 
confirmed by studies conducted in other countries [21, 12, 22].
Congenital malformations in the neonatal and post-
neonatal period posing higher risk of mortality in rural 
areas in comparison to cities, are confirmed by other authors 
[23]. The causes of most congenital malformations are not 
yet known; however, it is likely that their risk factors are the 
limited access to prenatal care [24], occupational exposure 
to pesticides [25, 26] and low socio-economic status [27]. 
These factors are far more common in rural areas and may be 
associated with higher infant mortality. In the current study, 
a particularly alarming result we obtained demonstrating 
a slower pace of decline in post-neonatal mortality due to 
congenital malformations in rural areas.
In Poland between 2006 and 2008, standard procedures 
were developed for intrauterine foetal therapy and a training 
education programme also introduced which allowed doctors 
from smaller centers to provide and ensure specialist care for 
Table 3. Total infant mortality rate by birth weight, gestational age and 
place of residence, and trends in rates in 2004–2013 with model-based 
estimations
Birth 
weight
Duration of pregnancy  
<37 weeks
Duration of pregnancy 
≥37 weeks
Rural 
areas
Urban 
areas
Rural 
areas
Urban 
areas
Median in
2004–2013
p *
Median in
2004–2013
p *
< 2500 g 95.65 84.31 0.169 21.84 17.28 0.013
≥ 2500 g 9.90 9.75 0.386 1.64 1.61 0.059
AAPC (95% CI) p *** AAPC (95% CI) p ***
< 2500 g
–3.48%**
(–4.65, 
–2.30)
–6.43%**
(–7.60, 
–5.24)
0.001
2.10%
(–2.03, 
6.39)
–2.11%
(–5.48, 
1.37)
0.127
≥ 2500 g
–6.48%**
(–8.66, 
–4.25)
–10.32%**
(–12.73, 
–7.84)
0.023
–2.91%**
(–4.25, 
–1.56)
–3.26%**
(–3.78, 
–2.74)
0.638
Rate per 1,000 live births: AAPC – average annual percentage change; CI – confidence interval;
* – Wilcoxon matched pairs test; ** – Statistically significant trend at p < 0.05; *** – Wald test 
for significance of differences trends.
Table 4. Total infant mortality rate by maternal age, gestational age and 
place of residence, and trends in rates in 2004–2013 with model-based 
estimations
Maternal 
age
Duration of pregnancy  
<37 weeks
Duration of pregnancy 
≥37 weeks
Rural 
areas
Urban 
areas
Rural 
areas
Urban 
areas
Median in 
2004–2013
p *
Median in 
2004–2013
p *
< 20 years 62.27 61.14 0.646 2.28 3.03 0.013
20–34 years 50.71 48.47 0.037 1.90 1.71 0.005
35–39 years 50.58 53.83 0.959 2.45 2.04 0.139
≥ 40 years 53.23 64.11 0.646 3.89 3.29 0.575
AAPC (95% CI) p *** AAPC (95% CI) p ***
< 20 years
–0.69%
(–3.70, 
2.42)
–4.90%**
(–6.03, 
–3.75)
0.010
0.28%
(–3.59, 
4.32)
0.02%
(–4.79, 
5.07)
0.935
20–34 years
–3.62%**
(–4.75, 
–2.48)
–4.76%**
(–5.56, 
–3.95)
0.111
–1.31%
(–3.14, 
0.55)
–1.97%**
(–3.04, 
–0.89)
0.546
35–39 years
–1.93%**
(–3.67, 
–0.16)
–6.42%**
(–8.82, 
–3.97)
0.004
–3.60%**
(–5.93, 
–1.22)
–4.82%**
(–7.76, 
–1.78)
0.532
≥ 40 years
0.61%
(–3.61, 
5.02)
–5.39%**
(–9.53, 
–1.05)
0.052
–2.32%
(–5.20, 
0.64)
–5.73%**
(–10.12, 
–1.12)
0.217
Rate per 1,000 live births: AAPC – average annual percentage change; CI – confidence interval;
* – Wilcoxon matched pairs test; ** – Statistically significant trend at p < 0.05; *** – Wald test 
for significance of differences trends.
p – Wald test for diffrences in trends.
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pregnant women with specific congenital malformations and 
diseases of the foetus. However, there are difficulties in access 
to health services in the area of foetal therapy, which is related 
to limited possibilities of using modern endoscopic methods 
due to financial constraints and the limited experience of 
personnel in this field [28].
Existing impediments in terms of access to obstetric 
and foetal diagnostics in rural areas may be a determining 
factor when considering the observed difference in the 
dynamics of post-neonatal mortality trends due to congenital 
malformations between rural and urban areas (Fig. 1D). 
Unfavourable birth outcomes may also be promoted by 
decreased health awareness among women with lower levels 
of education; they also more often have an unfavourable 
economic situation, which may be an additional cause for 
the limited use of preventive and specialist care [29].
Moreover, in rural areas, in comparison to urban ones, 
higher infant mortality was observed among those born to 
women aged 20–34, both before the 37th and after the 37th 
week of pregnancy, as well as those born after the 37th week of 
pregnancy with low birth weight. This result can be explained 
by limitations in the availability of health care associated 
with a less developed infrastructure and the insufficient 
employment of medical staff, including gynaecologists and 
obstetricians in rural areas [30]. This leads to prolonged 
waiting time, decreased possibility of prevention and 
adequate prenatal care. These factors may affect patterns of 
health care use by pregnant women, which poses a risk to 
the development of the foetus [12].
A significant barrier may be the result of less accessible 
public transport which prevents moving to larger urban centres 
[11]. The low socio-economic status of rural women may 
indirectly contribute to the emergence of adverse exposure to 
psychosocial stress [30], or occupational exposure to physical 
activity [11], or chemicals [31] and inadequate nutrition [32] 
associated with the development of the foetus and low birth 
weight, which may be associated with worse birth outcomes.
The results obtained show that the urban environment is a 
risk factor for: 1) higher mortality of children who were born 
to adolescent mothers after the 37th week of pregnancy, and 
2) higher post-neonatal mortality due to respiratory diseases. 
High-risk pregnancies among teenagers are associated with 
late obstetric care and fewer visits, and the incidence of 
complications and foetal hypotrophy [33]. Adolescent mothers 
often come from dysfunctional families with a low socio-
economic status, are more often unmarried, emotionally 
immature, and also adopt risky health behaviours [34].
Many studies indicate [35, 23, 30] that worse birth 
outcomes are often found in the deprived neighbourhoods 
of urban areas, in which numbers of unfavourable factors 
(unemployment, insecurity, pollution) are accumulated. 
Moreover, in comparison to rural areas, pregnant women in 
cities more often smoke tobacco and consume alcohol, which 
negatively affect foetal development [36]. Other authors 
confirm that deaths due to respiratory diseases occur with 
uneducated, unmarried mothers, and among women who 
smoke during pregnancy [37, 38].
In the presented study it was found that despite the presence 
of a favourable decreasing trend in infant mortality, in rural 
areas a significantly decreased overall infant mortality was 
observed, along with neonatal mortality due to perinatal 
conditions, as well as mortality of children born before the 
37th week of pregnancy when the mother’s age was under 20 
and between 35 – 39. In all these cases, the trend line in the 
country crossed the trend line in the cities, and the points 
of intersection of the mortality rate estimates were higher in 
rural areas. This result may indicate a changing way of life 
in rural areas, which is associated with an inflow of urban 
population aged 25–44 with secondary and higher education 
to rural areas located around cities. This population chooses 
the village as a convenient place to live; however, they are 
professionally still associated with the city. This entails the 
conforming of the rural population to the patterns observed 
in the cities (women are older when they decide to have a 
child, an increase in the number of divorces) and increases 
in the distance to health care facilities [10, 16]. In the country, 
these factors may be associated with increased mortality rates 
for children under one year of age.
The results show that the rural environment requires 
intensified prevention and treatment in obstetrics and 
gynaecology. The experience of highly-developed countries 
demonstrates that reduction of mortality in the youngest 
population is possible through the implementation of 
intervention programmes targeted at risk groups, particularly 
those with lower education [39, 40]. These actions should 
include care before and during pregnancy, as well as the 
reduction of post-partum complications and appropriate 
control over maternal and child health. The aim should be 
towards integrated efforts of the health care system, public 
health and social institutions for the detection of birth defects 
and preventing low birth weight. It is very important that 
health benefits resulting from support given at an early life 
stage are apparent in the later stages. These actions might 
also have long-term effects on the growth of human capital 
and economic development.
Limitations and strengths of the study. It is recognized 
that this study has several limitations. Firstly, the routine 
system for reporting mortality data does not include 
information about disease states of mother, health care 
served, education, profession, or income. In addition, there 
is no information about lifestyle, such as diet, or tobacco 
and alcohol consumption in pregnant women. The study 
was of a descriptive character in which it was not possible 
to determine the precise socio-economic causes of mortality 
of children under one year of age in rural and urban areas. 
Nevertheless, this is an interesting topic for further studies 
among pregnant women and those who are about to give 
birth. Secondly, mortality data are collected according to the 
place of death, which may result in an under-estimation in 
the event pregnant women change their place of residence. 
The influence of this error, however, is rather small [26].
This is the first study which demonstrates the differences 
between rural and urban areas in terms of the mortality of 
children under one year of age with regard to causes of deaths, 
length of gestation, birth weight and maternal age in Poland. 
In the study, complete mortality data based on information 
from the cards of deaths death certificates at the national level 
were used. In addition, data were analyzed over a 10-year 
period using the Poisson model which takes into account 
the interaction between time and place of residence, enabling 
estimation of the morality trends as well as the differences in 
their dynamics between rural and urban areas, which have 
not been previously studied. The current study, therefore, is 
an important source of information on which the direction 
of future prevention activities may be determined.
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CONCLUSIONS
There are disparities in terms of birth rates between women 
living in rural and urban areas which are associated with 
causes of death, date of birth, birth weight and maternal age. 
Disparities in mortality due to congenital malformations 
and low birth weight are the key for the implementation of 
intervention in terms of public health aimed at improving 
the health status of children under the first year of age. The 
results indicate the need to intensify activities aimed at 
improving access to prenatal and maternity care, especially 
among women in rural areas. Regular medical care before 
and during pregnancy, and continuity of care in terms of 
maternal and child health can promote early detection of 
high risk of unfavourable birth outcomes.
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